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DESCRIPTION 

SEMICONDUCTOR LIGHT EMITTING ELEMENT MOUNTING MEMBER, 
5 AND SEMICONDUCTOR LIGHT EMITTING DEVICE EMPLOYING IT 



Cross-Reference to Prior Applications 

This application is a U.S. national phase appiicaiion under 36 U.S.C. 
§371 of Iniernational Patent Application No. PCT/JP2005/002758. filed 
10 February 22^ 2005^, and claims the benefit of Japanese Application No. 2004- 
117180 fi.ed A] 12 2004, both of which ar<' in< ^iporacod ^ y reter..n ( < < i i 



15 Technical Field 

[0QG4.] - The present invention relates to a semiconductor light- emitting 
element mounting member for mounting a semiconductor light-emitting 
element and a semiconductor light-emitting device with a semiconductor light- 
emitting element mounted in the semiconductor light- emitting element 

20 mounting member. 



Background Art 

■[©€K)-2-I- In order to improve the effective light-emission efficiency for 
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semiconductor light- emitting devices, materials such as Ag and Al having 
superior light reflectivity are used to form an electrode layer for the mounting 

of an element and/or a reflective layer for reflecting light from the element on 
an element mounting surface or a reflection surface of a substrate of a 
5 semiconductor light-emitting element mounting member (e.g., see Pates* 

■Beeumejat -l-'-^^X- 

,|\t„-f^5 ,.,5, Japanese Laid-Open Patent Publication Number 9" 
293904 tClaims 1, 2, sections 0015 - 0017, Fig. 1, Fig. 2), |ftj4eH4r4;^iHH^rf 
Japanese Laid-Open Patent Publication Number 2002-217456 ^sections 0013 - 
10 0014, Fig. 1, Fig. 2>...and iPateHt-Bee-HmeM-gj -Japanese Laid-Open Patent 
Publication Number 2002-232017 (Claim 1, sections 0016 - 0021, Fig. l)^ 



Disclosure of Invention 
feeblems-tebeSelved-by-the-IiwejatieH- 

15 [OC-JQiil- H-8-we¥e¥; - wWhile Ag, Al, and the like provide superior light 

reflectivity, the metal films actually formed on the element mounting surface, 
the reflective surface, or the like on the substrate do not provide adequate 
surface smoothness. This results in the irregular reflection of light and 
prevents a high effective reflectivity from being obtained. 

20 [69^41- In high-output semiconductor light-emitting devices with outputs 
of at least 1 W, which have undergone rapid development in recent years, high 
current flows make it necessary for the metal film used as the electrode layer 
to be thick so that the resistance can be lowered. However, with thicker metal 
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films there is a greater tendency for the surface to be irregular. This prevents 
a high reflectivity from being obtained. 

li'«W>^ Also, this reduction in reflectivity is especially prominent with 

light having short wavelengths of no more than 450 nm in semiconductor light- 
5 emitting devices for ultraviolet emission and semiconductor light- emitting 
devices that emit white light in combination with a fluorescent material. The 
more uneven the metal film surface is, the more significant the reduction in 
effective reflectivity for light with short wavelengths is. 

[0006. ! Furthermore, in recent years, the use of flip-chip mounting using 

10 Au bumps has become widespread as a method for mounting a semiconductor 
light-emitting element to a semiconductor light- emitting element mounting 
member. Flip-chip mounting involves a small contact area between the 
electrode layer of the semiconductor light- emitting element mounting member 
and the Au bumps. Thus, providing a practical degree of mounting strength, 
15 the adhesion of the metal layer serving as the electrode layer to the substrate 
must be improved and the mechanical strength of the metal layer itself must 
be increased. 

Also, since Ag, Al, and the like are materials that tend to generate 
migration, a high degree of reliability cannot be provided in high-output 
20 semiconductor light- emitting devices that require high currents as described 
above. 

semiconductor light- emitting element mounting member with an improved 
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effective light reflectivity in a metal film serving as an electrode layer and/or a 
reflective layer is.desired- 

semiconductor light-emitting element mounting member in which the metal 
5 layer has improved adhesion to a substrate, mechanical strength, and 
reliability.is.needed. 

semiconductor light- emitting device with superior light- emitting 
characteristics using the semiconductor light- emitting element mounting 
10 member described above. is. desired. 



Mef>He- k»-Seive"tk^» P»H»bk»m a Summary of the InyeM lon 

[0009] The invoniion in claim. 1 is In accordance with one embodiment of 

Ilie....inve.n.ti.o.n a semiconductor light- emitting element mounting member 

15 i-aemd-iHgv includes a substrate,; and a metal film formed on a surface of the 
substrate, formed from Ag, Al, or an alloy containing the metals, and 
functioning as an electrode layer for mounting a semiconductor light- emitting 
element and/or a reflective layer for reflecting light from a semiconductor light- 
emitting element4^ -whes=em' The crystal grains of the metal or alloy forming 

20 the metal film have a particle diameter along a surface plane of the metal film 
^ that are no more than 0.5 iim^,; and the surface of the metal film has a 
center-line average radius Ra of no more than 0.1 pm. 

[OG^IO]- The invention may include iHr--«laim- -2- -■i&"a"-semie^Hd*bet-e?- Mg 
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emitting clement m gafffeg-^aej^ibe; 



feg-%e~€i8*ffi-4r-wfee^'eia an adhesion 



layer and a barrier layer a3?e formed, in sequence, on the substrate, with the 
metal film being formed thereon. 

5 mounting member according to claim 1 whoroin the metal film may be is 
formed as an alloy of Ag and/or Al and another metal, a proportional content of 
the other metal being 0.001 - 10 percent by weight. 

element mounting member according to claim 3 wherein the 1'he other metal is 
10 afe may..be.least one type of metal selected from a group consisting of Cu, Mg, Si, 
Mn, Ti, and Cr. 



mounting member according to claim 1 whorcin a A film thickness of the metal 
film i& can be 0.5 ■ 3 pm. 



: Additionally, the metal film 
can be is formed from Al alone or from an alloy of Al and another metal. 

one embodiment of the invention i^a -el-aiiBr- -7 "is -a 

^'eia a thermal expansion coefficient of the substrate is lxlO"^/K - 10xlO"^/K, 



# -membei"-aee&M-iHg-4r& ■efeiffi--4- - w-l^^^ a thermal conductivity of the 
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substrate is at least 80 W/mK. - F-urther. 

the semiconductor light- 
emitting element mounting member ca n oeja flat submount. 
5 [001.3] The invention in claim 10 also includes m a semiconductor light- 

emitting device wherein a semiconductor light- emitting element is mounted in 
^^^v -o^ " .beo semiconductor light- emitting element mounting member 

The invention in claim 11 is a semiconductor light- emitting device may 
10 Mve..aiI.i^eeerdijftg- te €la4m- l-0- w output of .i& at least 1 W. 

A^i¥aH4^age^■■Effee^'■6f■t;fe•e■fa¥<^!^^:ti&H■ 

[604.4]- As a result of the invention. ■ Witl>-4fee-sfa'«^4rs^^e4^^ the 
smoothness of the surface of the metal film can be improved. 

More specifically, based on the shapes of the portions of the individual 

15 crystal grains of the metal or alloy forming the metal film exposed on the 
surface of the metal film, larger crystal grain particle diameters along the 
surface plane tend to increase unevenness of the surface. Also, the surface 
shape of the metal film is influenced by the surface shape of the underlying 
substrate, and greater surface roughness on the substrate tends to increase 

20 unevenness of the metal film surface. As the unevenness of the metal film 
surface increases, reflectivity decreases due to the tendency toward irregular 
reflection of light. 

■[OG^lS-l- Accordinaiy, in one eaibodinient of the invention ■I-H-e<H^tj'aet;--iB 
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Claim 1, the individual crystal grains of the metal film have a particle 
diameter of no more than 0.5 iim along the plane of the metal film. This 
minimizes the unevenness of the metal film surface based on the shape of the 
portions exposed on the surface of the metal film. Also, by adjusting the 
5 substrate surface shape and the like to set the center-line average roughness 
Ra of the metal film surface to no more than 0.1 pm, the smoothness of the 
metal film surface can be improved and light reflectivity can be improved. 

Thus, with the invention 4H-~GfeHB~4^, it is possible to improve the 
effective light reflectivity, especially the reflectivity for light with short 
10 wavelengths of no more than 450 nm, of the metal film formed from Ag, Al, or 
an alloy containing these metals. 

[Gm34-';-1 l^v4iH»4 H vei!»ti:eH"fK;eey4i-Hg"k» 0^^ l^'urther, an adhesion layer 
having superior adhesion with the material of the substrate, e.g., ceramic, hi 
i?XSX..b.S formed on the substrate. On this adhesion layer i-s-fegmed a barrier 

15 layer may be fbrxned for preventing dispersion of Ag and Al to the adhesion 
layer by preventing the reduction adhesion strength through the limiting of 
reactions between the Ag or Al forming the metal layer and the Ti or the like 
forming the adhesion layer resulting from thermal hysteresis (roughly no more 
than 300 deg C) during post-processing, e.g., the mounting of the element. The 

20 metal film is formed on top of the barrier layer. As a result, adhesion of the 
metal film to the substrate can be improved. 

^WiM- Furthermore, a:ee^diag4e4be4BryeHt-i-&H -m--el-ai i B: -8;^ the metal film 
can be is formed from an alloy of Ag and/or Al and a predetermined proportion 
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of another metal. This can improve mechanical strength. Use of an alloy can 
also prevent migration of Ag and Al. As a result, mechanical strength and 
reliability of the metal film can be improved. 

As described ■m-€tem- 4above , the other metal in the alloy described 
5 above can be at least one type of metal selected from a group consisting of Cu, 
Mg, Si, Mn, Ti, and Cr. 

\ ' . - .,5 . ^ N V o ^ N , taking into account the need to use 
high current while maintaining the smoothness of the surface, it ^^e^d-be is 
preferable for the film thickness of the metal film to be 0.5 - 3 pm. 

10 [9Q-1-9]" Also, if the structure is to be combined with a semiconductor 
light-emitting element that emits light with a short wavelength of no more 
than 400 nm, it would be preferable for the main metal forming the metal 
layer to be Al, which provides superior reflectivity for light with this type of 
short wavelength. Thus, ar9-deseribed-ijft-€la4m it w-eurj:d-be..is preferable for 

15 the metal film to be formed from Al by itself or from an alloy of Al and another 
metal. 

|©03©j- Taking into account the need to improve reliability of the 
semiconductor light- emitting device by reducing thermal strain generated by 
thermal hysteresis during the mounting of the semiconductor light-emitting 
20 element or during actual usage, it weul4 -be is preferable for the substrate to 
have a thermal expansion coefficient close to that of the semiconductor light- 
emitting element. More specifically, as-4e5ejribed-4B:"Gl-fti i B:--?;- it is weH-M -be 
preferable for the thermal expansion coefficient of the substrate to be lxlO"^/K 
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- 10X10-6/K. 

It weuM-al-so- b e is..also..pi'eferable, as described iH~-Gfe«B~-8aboYe, to 
improve heat dissipation to handle high-output semiconductor light- emitting 
devices by having the thermal conductivity of the substrate be at least 80 
5 W/mK. 

[0G81]- Furthermore, ar9--des<;ribed- ffl-€lai-m -9;- if the size of the submount 
is close to that of a light-emission section of the semiconductor light- emitting 
element, a semiconductor light- emitting device in which the semiconductor 
light-emitting element is mounted on the submount can be directly mounted in 
10 an inexpensive package or the like that conventionally w-e-nld -h-a¥e -ija ¥ el¥ed 
directly mounting the semiconductor light-emitting element. Thus, a 
wide range of applications is available. 

[00 2 2] Also, since the semiconductor light-emitting device may be 

aee^?d:iHg-4e"€laim-10"Ur5e9 the semiconductor light- emitting element mounting 

15 member of the present invention described above, superior light emission 
characteristics can be provided. In particular, a semiconductor light- emitting 
device with super light emission characteristics can be provided with a device 
for ultraviolet light emission using a semiconductor light- emitting element 
that emits light with a short wavelength of no more than 450 nm or a device 

20 for white light emission by combining this semiconductor light- emitting 
element that emits light with a short wavelength and a fluorescent material. 

Also, as-4es«^feed4s-€tei^H~44rv the structure of the semiconductor light- 
emitting device described above is suitable i 5H-i-t-&d for a high-output device with 
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an output of at least 1 W. 

Brief Description of the Drawings 
< Fig. lA is a cross-section drawing showing the structure of a 

5 submount according to an embodiment of the semiconductor light-emitting 
element mounting member .in.accordancewith^ ^ the present invention. 

Fig. IB is a cross-section drawing showing the structure of a 
semiconductor light-emitting device in which a semiconductor hght-emitting 
element is flip-chip mounted on the submount. 
10 Fig. 2 is a cross-section drawing showing the semiconductor light- 

emitting device ^ ^ , - >. mounted in a package. 

Fig. 3A is a cross- section drawing illustrating the relationship between 
irregular reflection of light and the size of surface unevenness determined from 
the shape of sections exposed crystal grains on the surface when the particle 
15 diameter of individual crystal grains forming a metal layer is no more than 0.5 
pm. 

Fig. 3B is a cross- section drawing illustrating the relationship between 
irregular reflection of light and the size of surface unevenness determined from 
the shape of sections exposed crystal grains on the surface when the particle 
20 diameter of individual crystal grains forming a metal layer exceeds 0.5 pm. 

Fig. 4A is a drawing illustrating the formation of crystal grains at a high 
vapor deposition rate when a metal film is formed by physical vapor deposition. 

Fig. 4B is a drawing illustrating the formation of crystal grains at a low 
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vapor deposition rate when a metal film is formed by physical vapor deposition. 

Fig. 5A is a drawing illustrating the formation of crystal grains at a low 
substrate temperature when a metal film is formed by physical vapor 
deposition. 

5 Fig. 5B is a drawing illustrating the formation of crystal grains at a high 

substrate temperature when a metal film is formed by physical vapor 

deposition. 

[0024. ! 1: submouni (somi conductor light-omitiing clement xii e^aefe^ 

10 Haembe-g) 

W)i-s«-b&trFate 

^4T4.-S^H6^^>l-4^ . lm 

LEi: somiconductor light-omitting clement 

LE-^-9&mi€6a:du-e^;ei"MgM^=ejBittiHg-de^vi€e 

15 

tkHi4---"M^.Hk^-4e.^-"4v)a^-m^^^^ Detailed Description of the 

Preferred Embodiments 

feGSel- Fig. lA is a cross-section drawing of a submount 1 that is an 
embodiment of a semiconductor light-emitting element mounting member 
20 according to the present invention. Fig. IB is a cross-section drawing showing 
a semiconductor light- emitting device LE2 in which a semiconductor light- 
emitting element LEI is mounted on the submount 1. 

As shown in these figures, the submount 1 of this example 
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includes two metal layers 11, 12 provided on an upper surface side (according 
to the figure) of a flat substrate 10 and separated from each other by a narrow 
gap at the center of the surface plane, the metal layers 11, 12 serving as both 
an electrode layer for mounting the semiconductor light-emitting element LEI 
5 and a reflective layer for reflecting light from the semiconductor light-emitting 
element. 

kX'J'i The two metal layers 11, 12 correspond respectively to two 

electrodes LEla, LElb of the semiconductor light- emitting element LEI and 
are bonded to the electrodes LEla, LElb by way of, e.g., Au bumps BP as 
10 shown in the figure. The semiconductor light-emitting element LEI is flip-chip 
mounted on the submount 1 in this manner to form the semiconductor light- 
emitting device LE2. 

fe028] The substrate 10 described above can be formed from any of 

various types of insulative material. However, taking into account the need to 
15 reduce thermal stress generated by thermal hysteresis from the mounting and 

usage of the semiconductor light- emitting element LEI as described above, it 

wm*M-%e M preferable for the thermal expansion coefficient of the material to 

be lxlO-6/K - lOxlO-6/K as described above. 

Also, taking into account the need to improve heat dissipation to handle 
20 high-output semiconductor light- emitting devices, it w^>t»M"lx^ is preferable for 

the thermal conductivity of the substrate 10 to be at least 80 W/mK. 

Examples of materials for the substrate 10 that meet these 

thermal expansion coefficient and thermal conductivity conditions include 
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insulative ceramic such as AIN, AI2O3, SiC, Si3N4, BeO, BN, insulative Si, 
composite materials thereof, and the like. Of these, AI2O3 and insulative Si are 

preferable in terms of cost. 

1C)6-;M4 However, when heat dissipation is taken into account, it w^5-aM-tee 
5 is more preferable for the thermal conductivity of the substrate 10 to be at 
least 120 W/mK, and yet more preferably at least 160 W/mK, and even more 
preferably at least 200 W/mK. To achieve these high thermal conductivity 
ranges, AIN or SiC w»HM%e-^gefepafele can be used . 

Also, in order to reduce the difference in thermal expansion coefficients 

10 with the semiconductor light-emitting element LEI as much as possible, it 
w-e-uki-be---im>p<-3i3 preferable for the thermal expansion coefficient of the 
substrate 10 to be 4xlO"^/K - 7xlO'^/K. To achieve this thermal expansion 
coefficient, it would bo profcmblo to use AIN or AI2O3 may be ii.sed. 
■[&934j- Thus, if thermal dissipation and the like are to be given priority 

15 to handle high-output semiconductor light- emitting devices, AIN ^ ^ 

l^pefe-afele may be used for the substrate 10. If heat dissipation is not 
especially important, AI2O3 and insulative Si 5-^^<,^H^i^^5l-x' ^ ^ "^"^ ^or 
the substrate 10. 

|.9Q-5.a}. .|.j:^....^>k4^.^: x_o improve the smoothness and effective light 

20 reflectivity of the surfaces of metal films 11, 12, which form the submount 1 
together with the substrate 10, the particle diameter along the surface plane of 
the crystal grains of the metal or alloy forming the metal films 11, 12 musi: can 
be limited to no more than 0.5 pm. Also, the center-line average roughness of 
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the surface of the metal films 11, 12 is«As%can be kept to an Ra of no more than 
0.1 nm by adjusting the surface roughness of the substrate 10 or the like. 
l-GO^-Sl As shown in Fig. 3B, if the particle diameter of the crystal grains 

exceeds 0.5 pm, the portions of individual crystal grains exposed on the surface 
5 of the metal films leads to increased unevenness of the surface of the metal 
films 11, 12 formed on the substrate 10, leading to a center-line average 
roughness for the surface exceeding an Ra of 0.1 pm. As the arrows in the 
figure indicate, this tends to result in irregular reflections and reduced 
reflectivity. 

10 feOMl- As shown in Fig. 3 A, for example, if the particle diameter of the 
crystal grains is set to be no more than 0.5 pm as described above, the portions 
of the individual crystal grains exposed on the surface of the metal films 
minimizes the unevenness of the surfaces of the metal films 11, 12 formed on 
the substrate 10, making the surface smooth, i.e., keeping the center-line 

15 average roughness Ra of the surfaces of the metal films 11, 12 at no more than 
0.1 pm. This limits irregular reflection of light as indicated by the arrows, and 
improves reflectivity. 

feOSel- In order to further improve light reflectivity by making the 
surfaces of the metal films 11, 12 smoother, it would be more preferable for the 
20 center-line average roughness Ra may be held to be no more than 0.05 pm, and 
even more preferably no more than 0.03 pm within the above range. To do this, 

i^-we^M-fee-iBe^e-p^efemble-fe the particle diameter of the crystal grains can 
be limited to be no more than 0.3 pm and mme preferably no more than 0.1 pm 
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within the above range. 

l&Qii&l If the metal films 11, 12 are formed through physical vapor 
deposition, e.g., vacuum vapor deposition or sputtering, the grain diameter of 
the crystal grains can be reduced by increasing the vapor deposition rate as 
5 much as possible or by lowering the substrate temperature as much as possible. 
[OG3-7]- Mejpe -sSpecifically, as shown in Fig. 4A, when physical vapor 
deposition is used and the vapor deposition rate is increased as much as 
possible when forming the metal films 11, 12, more metal particles Ml are 
formed on the surface of the substrate 10 during the initial vapor deposition 
10 stage compared to the use of a low vapor deposition rate shown in Fig. 4B. 
Each of the metal particles Ml grow individually into film-growth seeds M2 to 
form the metal films 11, 12. Thus, the particle diameter of the individual 
crystal grains M3 can be reduced. 

■[&©3# Also, as shown in Fig. 5A, when physical vapor deposition is used 
15 and the substrate temperature is lowered as much as possible when forming 
the metal films 11, 12, in the initial vapor deposition stage, the seeds M2 grow 
and the metal films 11, 12 form with less of the movement, diffusion, and 
accompanjdng coalescing of multiple particles Ml indicated by the arrows in 
the figure of the metal particles Ml, compared to Fig. 5B, where the substrate 
20 temperature is high. As a result, the particle diameter of the individual crystal 
grains MS are smaller. 

Thus, when physical vapor deposition is used to form the metal 
films 11, 12, a target particle diameter for the crystal grains can be achieved 
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by adjusting conditions such as the vapor deposition rate and the substrate 

temperature while taking into account the type and surface state of the 

substrate 10 and the composition of the metal films 11, 12 to be formed. 

While there are no special restrictions on specific values, as an example 
5 it would bo profcrabic for the vapor deposition rate 4b© may be at least 1.0 nm/s, 

m& m preferably at least 1.5 nm/s, and evee more preferably at least 2.0 nm/s. 

Also, "^^ v---tji-,l K' '\'! the substrate temperature ?oukiy be fte-moix-; 

iim-B. 120 deg C, more preferably no more than 90 deg C, and e¥im more 

preferably no more than 60 deg C. 
10 te04Q]" The particle diameter of the crystal grains forming the metal 

films 11, 12 '^s . .iO bs.- determined using the following measurement method. 

The surface of the formed metal films 11, 12 is photographed using a 

scanning electron microscope (SEM) or the like. Next, the number of crystal 

grains captured in a range having a predetermined area on the photo is 
15 calculated. Then, the predetermined area is divided by the number of crystal 

grains to obtain the average area per crystal grain. Based on this average area, 

the particle diameter is calculated assuming the planar shape of the crystal 

grains is circular. 

ft)©4l]- Also, the center-line average roughness Ra of the surface of the 
20 metal films 11, 12 is influenced by the surface roughness of the underlying 
substrate 10 described above. Thus, if the surface roughness of the substrate 
10 is high, it may not be possible to have the center-line average roughness Ra 
be no more than 0.1 pm even if the particle diameter of the crystal grains is 
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within a range described above. 

Thus, in order to have the center-hne average roughness Ra of the 
surface of the metal films 11, 12 be no more than 0.1 pm, it w-8-i*ki--feeis 
preferable to reduce the surface roughness as much as possible by abrading the 
5 surface of the substrate 10 or the like. 

More specifically, it w-o-hM- -beis preferable for the surface of the 
substrate 10 on which the metal films 11, 12 is to be formed to be abraded so 
that its center-line average roughness Ra is no more than 0.1 pm, m0Sre 
preferably no more than 0.05 pm, and yefe more preferably no more than 0.03 
10 pm. 

1' ^^ t ' The center-line average roughness Ra of the surface of the metal 

films 11, 12 and the surface of the substrate 10 can be determined by applying 
"Definition and indication of surface roughness in Japan Industrial Standards 
JIS B0601-1994 based on the surface shape as measured by conventionally 

15 known measurement methods. 

The metal films 11, 12 having the characteristics described above 
are formed using Ag, Al, or an alloy thereof. More specifically, the metal films 
11, 12 are formed from^ Ag by itself^j Al by itselfj.4 an alloy of Al and another 
metaLv or an alloy of Ag and Al and another metal. 

20 [6©44]- Ag and/or Al can be used as the primary metal forming the metal 
films 11, 12, but if it is to be used in a semiconductor light-emitting element 
that emits light with short wavelengths of no more than 400 nm, it weeM-feeis 
preferable to use Al, which has superior characteristics especially for light with 
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this tj^e of short wavelength. Also, since Al is less expensive than Ag, the 
production cost of the submount 1 can be reduced. 

ft-HM-a]" As another metal used to form an alloy along with Ag and/or Al, it 
w©t*M-beis possible to select at least one metal that improves the strength of 
5 the metal films 11, 12 and prevents Ag and Al migration out of a group 
consisting of Cu, Mg, Si, Mn, Ti, and Cr. 

■k>(->4#|- It ^ preferable for the proportional content of the other 

metal to be 0.001 - 10 percent by weight. 

If the proportional content of the other metal is less than 0.001 percent 

10 by weight, the improved strength of the metal films 11, 12 and the prevention 
of Ag and Al described above provided by including the other metal in the alloy 
may be inadequate. If the content exceeds 10 percent by weight, the 
proportional content of the Ag and/or Al will bo is reduced, so that the 
reflectivity of the metal films 11, 12, especially for light with short 

15 wavelengths of no more than 450 nm, may be reduced. 

|©&4^ In order to more reliably provide the advantages described above 
from the other metal, it would b eis more preferable for the proportional 
content of the other metal to be at least 0.01 percent by weight and eveH-iB:&i'e 
preferably at least 0.1 percent by weight, within the above range. 

20 Also, in order to more reliably reduce light reflectivity, it wetiM-beis 

more preferable for the proportional content of the other metal to be no more 
than 5 percent by weight and even more preferably no more than 3 percent by 
weight, within the above range. 
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If two or more types of other metals are to be used together, the 
composition can be set up so that the total proportional content for all of these 
other metals together falls within the above ranges. 

19G4-8]- While there are no special restrictions to the light reflectivity of 
5 the metal films 11, 12, in order to further improve light emission efficiency for 
the semiconductor light-emitting device LE2 it weHM -b e is preferable, e.g., for 
light with a wavelength of 400 nm, to have a reflectivity of at least 70 percent, 
more preferably at least 80 percent, and even more preferably at least 90 
percent. The reflectivity of light refers to values measured according to Japan 
10 Industrial Standards JIS Z8722-2ooo, "Color measuring method - reflection color 
and transmission color". 

[i"<-'-4:M Also, in order to reduce resistance to allow the semiconductor 

light-emitting device LE2 to handle high outputs, it ¥iiwid~%eiB preferable for 
the metal films 11, 12 to have a film thickness of 0.5 - 3 pm. 

15 If the film thickness is less than 0.5 pm, it is possible that the resistance 

of the metal films 11, 12 will not be low enough for the high current needed for 
a high-output semiconductor light-emitting device, e.g., with an output of at 
least 1 W. If the thickness exceeds 3 pm, the light reflectivity may be reduced 
even if the method described above is applied because it wiHis not be possible 

20 to maintain the smoothness of the metal films 11, 12. 

l00§0]- In order to adequately reduce the resistance to handle high 
outputs for the semiconductor light- emitting device LE2, it w<Hrid-beis, more 
preferable for the film thickness of the metal films 11, 12 to be at least 0.8 pm. 
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within the range described above. 

In order to improve the smoothness of the surface of the metal films 11, 
12, it vvt^uVi K^i::. more preferable for the film thickness to be no more than 1.5 
pm, within the range described above. 
5 [0051] The metal films 11, 12 can be formed directly on the surface of the 

substrate 10. However, in order to improve adhesion to handle flip-chip 
mounting, it ho^iV^ ' ^ preferable for an adhesion layer formed from Ti, Cr, 
NiCr, Ta, Cu, compounds thereof, or the like and having superior adhesion 
with the substrate 10 to be formed on the substrate 10, with the metal films 11, 
10 12 being formed on top of this. It we^ridis also fee possible to interpose between 
the adhesion layer and the metal films 11, 12 a barrier layer formed from Pt, 
Pd, Ni, Mo, NiCr, Cu, or the like that prevents the diffusion of Ag, Al, or the 
like to the adhesion layer. 

feOe^ Also, it weuM -beis preferable for the film thickness of the 
15 adhesion layer to be approximately 0.01 ■ 1.0 pm and the film thickness of the 

barrier layer to be approximately 0.01 - 1.5 pm. 

Furthermore, it would is also fee possible to form a solder barrier layer or 

a solder layer on the surface of the metal films 11, 12 for soldering the element. 

ft)0&3]- Forming the patterns for the metal films 11, 12 and the layers 
20 above and below them can, for example, be performed by using a metal mask, a 

photolithography mask, or the like. Physical vapor deposition or the like as 

described above can then be performed to selectively metalize the exposed 

surface of the substrate 10 not covered by the mask. 
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[0064. ! As described above, it wettM-beis better to for the mechanical 

strength and adhesive strength of the metal films 11, 12 to the substrate 10 to 
be high. For example, it m>"d-14-l>eis preferable for the die shear strength to be 
at least 10 MPa, more preferably at least 30 MPa. Also, taking flip-chip 
5 mounting into account, it would bo is preferable for the ball shear strength to 
be at least 30 MPa, more preferably at least 60 MPa. 

When a semiconductor light-emitting element is mounted using the flip- 
chip method, a high-luminance and highly reliable semiconductor light- 
emitting device is provided. 

10 [90&§]" Die shear strength is measured according to MIL standards MIL- 
STD-883C METHOD 2019.4. More specifically, a chip is mounted on the metal 
films 11, 12. Using a tool based on a tension gauge, a side surface of the chip is 
pushed in a direction parallel to the plane of the metal films 11, 12. Die share 
strength is represented by the tension gauge value when the metal films 11, 12 

15 peels off of the substrate 10. Ball shear strength is measured by ball bonding 
Au wire to the metal films 11, 12. A dedicated tension gauge is used to push 
the ball of a first bonding section from the side so that it slides. The ball shear 
strength is represented by the tension gauge value when the ball comes off. An 
Au wire with a diameter of 30 pm is wire bonded, and the ball shear strength 

20 is the value when the crushed ball diameter is 90 pm. 

1&0§#]- The submount 1 of the example shown in the figure formed from 
the elements described above can be made, e.g., by preparing a ceramic plate 
having the size of multiple units of the submount 1 and abrading one surface 
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to a predetermined surface roughness. Then, patterns for the metal films 11, 
12 and the layers above and below it for each submount 1 region are formed 
simultaneously for the entire ceramic plate. The ceramic plate is then diced to 
obtain the individual submounts 1. 
5 [0057] With the semiconductor light-emitting device LE2 of the example 

shown in Fig. IB, in which the semiconductor light-emitting element LEI is 
flip-chip mounted on the submount 1 formed from the elements described 
above, the metal films 11, 12 provides superior light reflectivity. By forming 
the metal films 11, 12 with an alloy having predetermined proportions and 
10 forming an adhesion layer and barrier layer under them, it is possible to 
provide superior reliability, mechanical strength, and adhesion for the metal 
films 11, 12. This makes the structure suitable for high-output devices with 
outputs of at least 1 W, at least 2 W, and at least 5 W. 

feO&8}- Also, in the semiconductor light-emitting element LEI, the 
15 submount 1 has a size that is similar to that of a light-emission section of the 
semiconductor light- emitting element LEI described above. This makes it 
possible to mount the device directly in an inexpensive conventional package in 
which the semiconductor light- emitting element was directly mounted. 
ft)0&9]- Fig. 2 is a cross- section drawing showing the semiconductor light- 
20 emitting device LE2 mounted in a package 3 of this type. 

In the example in the figure, the semiconductor light- emitting device 
LE2 is mounted in the package 3 in the following manner. An adhesive is used 
to adhese and secure the semiconductor light-emitting device LE2 to a 
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mounting section 3a provided at a bottom surface of a cavity 3b of the package 
3 facing an opening 3c. Next, the metal films 11, 12 is electrically connected to 
a pair of leads 32a, 32b provided on the package 3 by way of wire bonds WB, 
WB. The cavity 3b is filled with a fluorescent material and/or a protective resin 
5 FR, and the opening 3c is closed with a lens LS or a sealing cap formed from a 
material that can transmit light from the semiconductor light- emitting 
element LEI. 

Also, the package 3 of the example in the figure is equipped with^ 
the mounting section 3a provided on the bottom surface^T a reflective member 

10 30 having a cavity 30a shaped like a bowl extending from the mounting section 
3a and expanding outward toward the opening 3c,.; a cylindrical frame 31 
bonded and formed integrally with the outer perimeter of the reflective 
member 30 with one end forming an opening 3c of the cavity 3b^T and the leads 
32a, 32b passed through the left and right sides (in the figure) of the frame 31. 

15 The inner surface of the cavity 30a forms a reflective surface 30b. 

Light from the semiconductor light-emitting element LEI is reflected by 
the reflective surface 30b toward the opening 3c, and is efficiently sent out 
from the package 3 by way of the lens LS. 

ft)0#l]- In order to efficiently reflect the light from the semiconductor 
20 light-emitting element LEI, all or at least the reflective surface 30b of the 
reflective member 30 is metallic. In order to insulate the pair of leads 32a, 32b, 
the frame 31 is a resin or ceramic frame. 

■[OG^6-2]- The structure of the present invention is not restricted to the 
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example described above and shown in the figures. 

For example, in the example shown in the figures, the metal films 11, 12 
is connected to the leads 32a, 32b of the package 3 by way of the wire bonds 
WB. However, it wenMis also fee possible to form the connections by providing 
5 electrode layers on the back surface of the submount 1 and the mounting 
section 3a of the package 3 and soldering the electrode layers. In this case, the 
metal films 11, 12 of the submount 1 and the electrode layers can be 
electrically connected, e.g., by using a via. 

[0063. ! Also, the example in the figures is the submount 1 where the 

10 metal films 11, 12 serve as both an electrode layer for flip- chip mounting and a 
reflective layer. However, the semiconductor light- emitting element mounting 
member of the present invention is not restricted to this submount 1 and can 
also be a package in which the semiconductor light- emitting element is directly 
mounted or the like. In this case, the electrode layer and the reflective layer of 
15 the package can be formed as the metal film having the characteristics 
described for the present invention. 

I©©€4l- Also, if the metal film is to be used solely as a reflective layer 
without serving as an electrode layer, the restrictions described above for film 
thickness are not necessary. The film thickness for a metal film serving only as 
20 a reflective layer can be less than the range described above to allow further 
improvements in the smoothness of the surface. 

[0066] Also, since strong adhesion is not required for a metal film 

serving only as a reflective layer, the metal film can be a single-layer structure. 
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Furthermore, since mechanical strength and reliability are not required 
for a metal film serving only as a reflective layer, the metal does not have to be 
an alloy and can be Ag and/or Al by itself or an alloy containing only Ag and Al. 

Various other modifications may be effected on the design without 
5 departing from the scope of the present invention. 
Example 

•[0€>6#]- The present invention will be described below using examples and 
comparative examples. 
[0067] First example 

10 Twenty substrates with a length of 50.8 mm, a width of 50.8 mm, and a 

thickness of 0.3 mm made from aluminum nitride (AIN) having a thermal 
conductivity of 230 W/mK and a thermal expansion coefficient of 4.5xl0"^/deg C 
were prepared. Lap abrasion and polishing were performed on both surfaces 
(main surfaces) of the substrates to apply a finish with a center-line average 

15 roughness Ra of 0.02 jam. 

Next, as shown in Fig. lA, vacuum vapor deposition was 
performed on a first main surfaces of the substrate 10 to form two pure 
aluminum films 11, 12 insulated from each other by a narrow gap on the 
planar center to form a submount 1 serving as the semiconductor light- 

20 emitting element mounting member. Film formation was performed as follows. 
First, on the first main surface of the substrates 10 were formed, in the same 
planar shape as the pure aluminum films 11, 12, a titanium adhesion layer 
having a thickness of 0.1 pm and a platinum barrier layer having a thickness 
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of 0.2 nm, in that order. On top of this were formed the pure aluminum films 
11, 12 having a thickness of 2 nm. The film-forming conditions for the pure 
aluminum films 11, 12 were as follows: 50 deg C substrate temperature! and 
2.2 nm/s vapor deposition rate. 
5 [0069] The mean particle diameter along the plane of the films of the 

aluminum crystal grains forming the pure aluminum films 11, 12 was 
measured using the method described above. Measurements were taken for all 
twenty substrates, and the mean value was found to be 0.05 pm. Also, the 
surface shape of the surfaces of the pure aluminum films 11, 12 were measured, 

10 and the center-line average roughness Ra was measured using the method 
described above. Measurements were taken for all twenty substrates, and the 
mean value for the center-line average roughness Ra was found to be 0.027 pm. 
[0070] Also, the light reflectivity, the die shear strength, and the ball 

shear strength of the surface of the aluminum films 11, 12 were measured 

15 using the methods described above. For light reflectivity, measurements were 
taken for all twenty substrates and the mean measurement value was 
determined. For die shear strength and ball shear strength, measurements 
were taken for five substrates and the mean measurement value was 
determined. As a result, light reflectivity was found to be 95 percent, die shear 

20 strength was found to be 42 MPa, and ball shear strength was found to be 50 
MPa. 

{^)?4]- Second example 

Film-forming conditions were similar to those from the first example 
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except that the substrate temperature was set to 80 deg C. On the first main 
surface of the aluminum nitride substrates 10 were formed a titanium 
adhesion layer having a thickness of 0.1 and a platinum barrier layer 
having a thickness of 0.2 pm. On top of this were formed the pure aluminum 
5 films 11, 12 having a thickness of 2 pm, to form the submount 1. 

[OG7-2^1- ThcTheHv -th-e mean particle diameter along the plane of the films 
of the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.20 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 

10 and found to be 0.042 pm. Also, light reflectivity was 88 percent, the die shear 
strength was 45 MPa, and the ball shear strength was 52 MPa. 
fee^ Third example 

Film-forming conditions similar to those from the first example except 
that the substrate temperature was set to 100 deg C. On the first main surface 

15 of the aluminum nitride substrates 10 were formed a titanium adhesion layer 
having a thickness of 0.1 pm and a platinum barrier layer having a thickness 
of 0.2 pm. On top of this were formed the pure aluminum films 11, 12 having a 
thickness of 2 pm, to form the submount 1. 

ft)&v4l Then, the mean particle diameter along the plane of the films of 
20 the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.40 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.085 pm. Also, light reflectivity was 75 percent, the die shear 
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strength was 40 MPa, and the ball shear strength was 61 MPa. 
[6<J-7-§l- First comparative example 

Film-forming conditions wexe similar to those from the first example 
except that the substrate temperature was set to 130 deg C. On the first main 
5 surface of the aluminum nitride substrates 10 were formed a titanium 
adhesion layer having a thickness of 0.1 pm and a platinum barrier layer 
having a thickness of 0.2 pm. On top of this were formed the pure aluminum 
films 11, 12 having a thickness of 2 pm, to form the submount 1. 
[0076. ! Then, the mean particle diameter along the plane of the films of 

10 the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.70 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0. 15 pm. Also, light reflectivity was 62 percent, the die shear 
strength was 43 MPa, and the ball shear strength was 62 MPa. 

15 lOC-)?-?]- Fourth example 

Film-forming conditions were similar to those from the first example 
except that the vapor deposition rate was set to 1.2 nm/s. On the first main 
surface of the aluminum nitride substrates 10 were formed a titanium 
adhesion layer having a thickness of 0.1 pm and a platinum barrier layer 

20 having a thickness of 0.2 pm. On top of this were formed the pure aluminum 
films 11, 12 having a thickness of 2 pm, to form the submount 1. 
[0078] Then, the mean particle diameter along the plane of the films of 

the aluminum crystal grains forming the pure aluminum films 11, 12 was 
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determined using the method described above and was found to be 0.10 jam. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.035 jim. Also, light reflectivity was 90 percent, the die shear 
strength was 48 MPa, and the ball shear strength was 59 MPa. 
5 [0070] Fifth example 

Film-forming conditions were similar to those from the first example 
except that the vapor deposition rate was set to 1.8 nm/s. On the first main 
surface of the aluminum nitride substrates 10 were formed a titanium 
adhesion layer having a thickness of 0.1 jim and a platinum barrier layer 

10 having a thickness of 0.2 pm. On top of this were formed the pure aluminum 
films 11, 12 having a thickness of 2 pm, to form the submount 1. 
feO-SOl- Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.35 pm. 

15 Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.08 pm. Also, light reflectivity was 78 percent, the die shear 
strength was 41 MPa, and the ball shear strength was 50 MPa. 
feO»i]" Second comparative example 

Film-forming conditions were similar to those from the first example 

20 except that the vapor deposition rate was set to 0.7 nm/s. On the first main 
surface of the aluminum nitride substrates 10 were formed a titanium 
adhesion layer having a thickness of 0.1 pm and a platinum barrier layer 
having a thickness of 0.2 pm. On top of this were formed the pure aluminum 
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films 11, 12 having a thickness of 2 nm, to form the submount 1. 
l-6<J82l Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.60 pm. 
5 Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.12 pm. Also, light reflectivity was 66 percent, the die shear 
strength was 40 MPa, and the ball shear strength was 53 MPa. 
I^X>8S]- Sixth example 

Film-forming conditions were similar to those from the first example 

10 except that finishing was performed on both sides of the aluminum nitride 
substrates 10 so that the center-line average roughness Ra was 0.04 pm. On 
the first main surface of the substrates 10 were formed a titanium adhesion 
layer having a thickness of 0.1 pm and a platinum barrier layer having a 
thickness of 0.2 pm. On top of this were formed the pure aluminum films 11, 

15 12 having a thickness of 2 pm, to form the submount 1. 

to^84]- Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.07 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 

20 and found to be 0.05 pm. Also, light reflectivity was 87 percent, the die shear 
strength was 43 MPa, and the ball shear strength was 60 MPa. 
{^)S# Seventh example 

Film-forming conditions were similar to those from the first example 
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except that finishing was performed on both sides of the aluminum nitride 
substrates 10 so that the center-line average roughness Ra was 0.08 jam. On 
the first main surface of the substrates 10 were formed a titanium adhesion 
layer having a thickness of 0.1 iim and a platinum barrier layer having a 
5 thickness of 0.2 pm. On top of this were formed the pure aluminum films 11, 
12 having a thickness of 2 pm, to form the submount 1. 

Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.11 pm. 

10 Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.09 pm. Also, light reflectivity was 75 percent, the die shear 
strength was 40 MPa, and the ball shear strength was 56 MPa. 
[0087] Third comparative example 

Film-forming conditions were similar to those from the first example 

15 except that finishing was performed on both sides of the aluminum nitride 
substrates 10 so that the center-line average roughness Ra was 0.15 pm. On 
the first main surface of the substrates 10 were formed a titanium adhesion 
layer having a thickness of 0.1 pm and a platinum barrier layer having a 
thickness of 0.2 pm. On top of this were formed the pure aluminum films 11, 

20 12 having a thickness of 2 pm, to form the submount 1. 

Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.15 pm. 
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Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.17 nm. Also, light reflectivity was 59 percent, the die shear 
strength was 45 MPa, and the ball shear strength was 52 MPa. 
, . , Eighth example 

5 The substrates 10 were prepared in a manner similar to the first 

example except that the substrates were formed from high thermal 
conductivity silicon carbide (SiC) with a thermal conductivity of 250 W/mK and 
a thermal expansion coefficient of 3.7x10"^/ deg C and that lap abrasion and 
polishing were performed on both surfaces (main surfaces) of the substrates to 

10 apply a finish with a center-line average roughness Ra of 0.02 pm. On the first 
main surface of the high thermal conductivity silicon carbide substrate 10 were 
formed a titanium adhesion layer having a thickness of 0.1 pm and a platinum 
barrier layer having a thickness of 0.2 pm. On top of this were formed the pure 
aluminum films 11, 12 having a thickness of 2 pm, to form the submount 1. 

15 [OOQ^^^I- Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.05 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.028 pm. Also, light reflectivity was 94 percent, the die shear 

20 strength was 40 MPa, and the ball shear strength was 53 MPa. 
fe(M)4l Ninth example 

The substrates 10 were prepared in a manner similar to the first 
example except that the substrates were formed from high thermal 



33 



conductivity silicon nitride (Si3N4) with a thermal conductivity of 90 W/mK and 
a thermal expansion coefficient of 3.0x10"^/ deg C and that lap abrasion and 
polishing were performed on both surfaces (main surfaces) of the substrates to 
apply a finish with a center-line average roughness Ra of 0.02 pm. On the first 
5 main surface of the high thermal conductivity silicon nitride substrate 10 were 
formed a titanium adhesion layer having a thickness of 0.1 pm and a platinum 
barrier layer having a thickness of 0.2 pm. On top of this were formed the pure 
aluminum films 11, 12 having a thickness of 2 pm, to form the submount 1. 
[0092. ! Then, the mean particle diameter along the plane of the films of 

10 the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.05 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.030 pm. Also, light reflectivity was 91 percent, the die shear 
strength was 47 MPa, and the ball shear strength was 48 MPa. 

15 -ImQ?^]- Tenth example 

The substrates 10 were prepared in a manner similar to the first 
example except that the substrates were formed from electrically insulative 
silicon (Si) with a thermal conductivity of 140 W/mK and a thermal expansion 
coefficient of 3.0x10^/ deg C and that lap abrasion and polishing were 

20 performed on both surfaces (main surfaces) of the substrates to apply a finish 
with a center-line average roughness Ra of 0.02 pm. On the first main surface 
of the high thermal conductivity silicon substrate 10 were formed a titanium 
adhesion layer having a thickness of 0.1 pm and a platinum barrier layer 
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having a thickness of 0.2 nm. On top of this were formed the pure aluminum 
films 11, 12 having a thickness of 2 pm, to form the submount 1. 
1-0O-&4]- Then, the mean particle diameter along the plane of the films of 

the aluminum crystal grains forming the pure aluminum films 11, 12 was 
5 determined using the method described above and was found to be 0.05 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.030 pm. Also, light reflectivity was 90 percent, the die shear 
strength was 48 MPa, and the ball shear strength was 52 MPa. 
[0096. ! Eleventh example 

10 The substrates 10 were prepared in a manner similar to the first 

example except that the substrates were formed from a composite (Si'SiC) 
material formed by infiltrating 30 percent by volume of silicon (Si) into silicon 
carbide (SiC) with a thermal conductivity of 80 W/mK and a thermal expansion 
coefficient of 3.0x10"^/ deg C and that lap abrasion and polishing were 

15 performed on both surfaces (main surfaces) of the substrates to apply a finish 
with a center-line average roughness Ra of 0.02 pm. On the first main surface 
of the composite material substrate 10 were formed a titanium adhesion layer 
having a thickness of 0.1 pm and a platinum barrier layer having a thickness 
of 0.2 pm. On top of this were formed the pure aluminum films 11, 12 having a 

20 thickness of 2 pm, to form the submount 1. 

l00##]- Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.05 pm. 
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Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.035 nm. Also, light reflectivity was 89 percent, the die shear 
strength was 45 MPa, and the ball shear strength was 50 MPa. 
. > Twelfth example 

5 The substrates 10 were prepared in a manner similar to the first 

example except that the substrates were formed from a composite (Al-SiC) 
material formed by mixing and then mixing, melting and casting 70 percent by 
weight of high thermal conductivity silicon carbide powder used in the eighth 
example and 30 percent by weight of aluminum-magnesium alloy powder 

10 containing 0.3 percent by weight of magnesium, the result having a thermal 
conductivity of 180 W/mK and a thermal expansion coefficient of 8.0xl0'6/ deg 
C. Lap abrasion and polishing were performed on both surfaces (main surfaces) 
of the substrates to apply a finish with a center-line average roughness Ra of 
0.02 pm. On the first main surface of the composite material substrate 10 were 

15 formed a titanium adhesion layer having a thickness of 0.1 ym and a platinum 
barrier layer having a thickness of 0.2 pm. On top of this were formed the pure 
aluminum films 11, 12 having a thickness of 2 pm, to form the submount 1. 

Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 

20 determined using the method described above and was found to be 0.05 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.032 pm. Also, light reflectivity was 92 percent, the die shear 
strength was 40 MPa, and the ball shear strength was 58 MPa. 
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[0009] Thirteenth example 

The substrates 10 were prepared in a manner similar to the first 
example except that the substrates were formed from alumina (AI2O3) with a 
thermal conductivity of 20 W/mK and a thermal expansion coefficient of 
5 6.5x10"^/ deg C and that lap abrasion and polishing were performed on both 
surfaces (main surfaces) of the substrates to apply a finish with a center-line 
average roughness Ra of 0.02 ]am. On the first main surface of the alumina 
substrate 10 were formed a titanium adhesion layer having a thickness of 0.1 
pm and a platinum barrier layer having a thickness of 0.2 pm. On top of this 
10 were formed the pure aluminum films 11, 12 having a thickness of 2 pm, to 
form the submount 1. 

[94#03- Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 
determined using the method described above and was found to be 0.05 pm. 

15 Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.026 pm. Also, light reflectivity was 80 percent, the die shear 
strength was 47 MPa, and the ball shear strength was 56 MPa. 
Fourteenth example 
Twenty substrates with a length of 50.8 mm, a width of 50.8 mm, and a 

20 thickness of 0.3 mm made from aluminum nitride (AIN) having a thermal 
conductivity of 230 W/mK and a thermal expansion coefficient of 4.5xl0"^/deg C 
were prepared. Lap abrasion and polishing were performed on both surfaces 
(main surfaces) of the substrates 10 to apply a finish with a center-line average 



37 



roughness Ra of 0.02 nm. 

I-61021 Next, thin oxidation was apphed to the entire surface of each of 
the substrates 10. Using vapor deposition directly on a first main surface, two 
pure aluminum films 11, 12 insulated from each other by a narrow gap on the 
5 planar center were formed to create the submount 1. The film-forming 
conditions for the pure aluminum films 11, 12 were as follows: 50 deg C 
substrate temperature! and 2.2 nm/s vapor deposition rate. 
fei-QSl- Then, the mean particle diameter along the plane of the films of 
the aluminum crystal grains forming the pure aluminum films 11, 12 was 

10 determined using the method described above and was found to be 0.15 pm. 
Also, the mean value of the center-line average roughness Ra was calculated 
and found to be 0.040 pm. Also, light reflectivity was 88 percent, the die shear 
strength was 22 MPa, and the ball shear strength was 32 MPa. 
■[&i©4|- The results described above are presented in Table 1 and Table 2. 

15 [Table 1} 





Substrate 


Film-forming conditions 


Characteristics of pure aluminum film 


Type 


Ra 
(um) 


Substrate 
temperature 
(degC) 


Vapor 
deposition 
rate 


Mean 
paiticle 
diameter 

(lim) 


Ra 
(um) 


Reflectivity 
(percent) 


Die 
shear 
strength 
(MPa) 


BaU 
shear 
strength 
(MPa) 


Mrst example 


AIN 


0.02 


50 


2.2 


0.05 


0.027 


95 


42 


50 


Second example 


MN 


0.02 


80 


2.2 


0.20 


0.042 


88 


45 


52 


Third example 


AIN 


0.02 


100 




0.40 


0.085 


75 


40 


61 


First comparative 
example 


AIN 


0.02 


130 


2.2 


0.70 


0.15 


62 


43 


62 


Fourth example 


AIN 


0.02 


50 


1.2 


0.10 


0.035 


90 


48 


59 


Fifth example 


AIN 


0.02 


50 


1.8 


0.35 


0.08 


78 


41 


50 


Second comparative 
example 


AIN 


0.02 


50 


0.7 


0.60 


0.12 


66 


40 


53 
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Sixth example 


AIN 


0.04 


50 


2.2 


0.07 


0.05 


87 


43 


60 


Seventh example 


AIN 


0.08 


50 


2.2 


0.11 


0.09 


75 


40 


56 


Third comparative 
example 


AIN 


0.15 


50 


2.2 


0.15 


0.17 


59 


45 


52 


i0106] [Table 2| 




Substrate 


I'ilm-forming condition. 




Type 


Ra 
(;.m) 


Substrate 
temperatm-e 
(degC) 


Vapor 
deposition 
rate 
(nm/s) 


Mean 
particle 
diameter 

i^m) 


Ra 
(^m) 


Reflecticity 
(percent) 


Die 
shear 
strength 
(MPa) 


Ball 
shear 
strength 
(MPa) 


Eighth example 


SiC 


0.02 


50 


2.2 


0.05 


0.028 


94 


40 


53 


Ninth example 


Si3N4 


0.02 


50 


2.2 


0.05 


0.030 


91 


47 


48 


Tenth example 


Si 


0.02 


50 


2.2 


0.05 


0.030 


90 


48 


52 


Eleventh example 


Si-SiC 


0.02 


50 


2.2 


0.05 


0.035 


89 


45 


50 


Twelfth example 


Al-SiC 


0.02 


50 




0.05 


0.032 


92 


40 


58 


Thirteenth example 


AI2O3 


0.02 


50 


2.2 


0.05 


0.026 


80 


47 


56 


Fourteenth example 


AIN 


0.02 


50 


2.2 


0.15 


0.040 


88 


22 


32 
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[0107]- Mounting tests 

As shown in Fig. IB, the semiconductor hght-emitting devices LE2 
ar-ewex'e formed with the submounts 1 made according to the examples and 
comparative examples described above by bonding the pure aluminum films 11, 
5 12 to the two electrodes LEla, LElb of the semiconductor light-emitting 
element LEI with Au bumps BP, with the semiconductor light- emitting 
element LEI flip-chip mounted on the submount 1. 

fei-6# Ten semiconductor light- emitting devices LE2 a^ewere prepared 
for each example and comparative example, and these aifewere mounted in the 

10 package 3 shown in Fig. 2 and the light emission efficiency (ImAV) was 
measured. The submounts 1 of the examples all provided high light emission 
efficiencies of 90 - 100 percent of the highest light emission efficiency of the 
first example. However, when the submounts 1 of the comparative examples 
were used, all of them provided low light emission efficiency of less than 90 

15 percent of the light emission efficiency of the first example. 

feW4-9]- Results showing roughly the same tendencies were obtained when 
the preparation of samples and testing described above when the metal film 
was silver film, casting alloy film in which 1 percent by weight of copper was 
added to silver, and casting alloy film in which 1 percent by weight of silicon 

20 was added to aluminum. 



